Importance Antibiotic resistance is a global health issue. Up to 50% of antibiotics are inappropriately prescribed, the majority of which are for acute respiratory tract infections (ARTI). Objective To evaluate the impact of unblinded normative comparison on rates of inappropriate antibiotic prescribing for ARTI. Design Non-randomised, controlled interventional trial over 1 year followed by an open intervention in the second year. Setting Primary care providers in a large regional healthcare system. Participants The test group consisted of 30 primary care providers in one geographical region; controls consisted of 162 primary care providers located in four other geographical regions. Intervention The intervention consisted of provider and patient education and provider feedback via biweekly, unblinded normative comparison highlighting inappropriate antibiotic prescribing for ARTI. The intervention was applied to both groups during the second year. Main outcomes and measures Rate of inappropriate antibiotic prescription for ARTI. Results Baseline inappropriate antibiotic prescribing for ARTI was 60%. After 1 year, the test group rate of inappropriate antibiotic prescribing decreased 40%, from 51.9% to 31.0% (p<0.0001), whereas controls decreased 7% (61.3% to 57.0%, p<0.0001). In year 2, the test group decreased an additional 47% to an overall prescribing rate of 16.3%, and the control group decreased 40% to a prescribing rate of 34.5% after implementation of the same intervention. Conclusions and relevance Provider and patient education followed by regular feedback to provider via normative comparison to their local peers through unblinded provider reports, lead to reductions in the rate of inappropriate antibiotic prescribing for ARTI and overall antibiotic prescribing rates.
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InTroducTIon
Antimicrobial drug resistance among common bacterial pathogens is now a federal and global health crisis. [1] [2] [3] According to the Centers for Disease Control and Prevention (CDC), at least 2 million illnesses and 23 000 deaths in the USA are caused by antibiotic resistant bacteria. 4 If this trend persists, it is estimated by 2050, there will be 10 million antimicrobial resistance deaths worldwide, costing the world up to $100 trillion. 5 Antibiotics for acute respiratory tract infections (ARTI) in the outpatient setting account for almost half (44%) of the more than 266 million antibiotic prescriptions written each year in the USA, and is a major contributor to antimicrobial resistance. 6 7 It is estimated that approximately half of these prescriptions are inappropriate, given for conditions for which antibiotics provide no benefit. 8 In addition to increasing the prevalence of antibiotic-resistant bacteria, overuse of antibiotics exposes patients to the unnecessary risk of adverse drug events. In fact, antibiotics are the leading cause of adverse drug events accounting for nearly 24% of adverse drug events present on admission. 9 In 2015, the White House released the National Action Plan for Combating Antibiotic-Resistant Bacteria, targeting a 50% reduction of inappropriate antibiotic prescribing in the outpatient setting by 2020. 3 In addition, numerous society guideline recommendations and clinical studies have been published alerting providers to the problems associated with antibiotic overuse, yet overuse persists. 6 10 Over the period from 2010 to 2015, the USA spent $56 billion on antibiotics of which the majority (59.1%) were in the outpatient setting. As such, primary care and emergency departments remain optimal sites for antibiotic stewardship interventions. Physicians are generally motivated to provide care that promotes patient well-being and professional standards, and successful changes to clinical practice often involve strategies that encourage physicians to practice high-value care. 12 One promising approach uses social comparisons to provide physicians Open access with individual feedback comparing their performance relative to that of their local peers. 13 14 In the outpatient setting, this approach has been used as an effective tool to reduce inappropriate antibiotic usage. 15 16 To date, previously published interventions in antibiotic prescribing in the outpatient setting have focused on providing blinded data to other providers, where they may be listed as a top or bottom performer without explicit knowledge of how specific colleagues perform in relation to themselves. 15 The use of unblinded data, where each colleague's performance is revealed, further elicits the social and behavioural aspect of prescribing, is novel and promotes transparent practice.
We evaluated the use and feasibility of patient education combined with normative comparison with unblinded feedback among primary care physicians in a large clinical practice, as a means of reducing inappropriate outpatient antibiotic prescribing for ARTI.
MeThods
The study site was a large regional healthcare system (Ochsner Health System) that employs 192 primary care providers (PCPs) consisting of physicians and advanced practice providers, located in ambulatory settings covering five large geographical regions in southeast Louisiana. Each region employs approximately 20-40 PCPs who are in regular contact with other intraregional PCP's, but are in less frequent contact with PCPs outside of their geographical region. One geographical region was randomly chosen as the initial test region with the remaining regions serving as initial control in order to test the acceptance and evaluate the response to the intervention. The first intervention took place over a 10-month period (March 2016-December 2016) and displayed the inappropriate antibiotic prescribing rate where the denominator was the total number of patients seen with an ARTI as the primary diagnosis without a concomitant reason for antibiotic prescribing, and the numerator was the total number of such patients that received an antibiotic order during that visit. Following proof of concept, the same intervention was applied to the remaining geographical regions (control group) for 1 year (January 2017-December 2017) to evaluate widespread acceptance and effectiveness.
The primary outcome was the antibiotic prescribing rate for antibiotic-inappropriate ARTI visits in adult patients (≥18 years) with no concomitant reason for antibiotic prescribing. Antibiotic-inappropriate diagnoses included non-specific upper respiratory tract infections, acute bronchitis and influenza ( 15 The evaluation of rates of inappropriate prescribing was measured by the number of times an electronic order for an antibiotic corresponded to one of the antibiotic-inappropriate diagnoses during a primary care visit encounter within the electronic medical record (Epic Systems).
Intervention
Each provider attended a regularly scheduled regional meeting that reviewed operational and clinical issues impacting their practice. At this meeting, the antibiotic stewardship intervention was added to the other operational issues on the agenda. Mean regional rates of inappropriate antibiotic prescribing were displayed and the clinical rationale for reducing inappropriate antibiotic usage was presented. Each PCP received evidencebased guidelines for the management of ARTI, as well as a pocket guide displaying the recommended management algorithm. [17] [18] [19] Posters from the CDC's Get Smart programme ('Viruses or Bacteria What's got you sick?') along with the CDC's Get Smart 'Virus prescription pads' and 'Cold or Flu. Antibiotics Don't Work for You' brochures were handed out. 20 Providers were told that these would be placed in their waiting rooms and examination rooms in the next several days. Additionally, a mock peer comparison sample card was provided, and ample time was provided for questions.
Normative peer comparison was made by an email report sent to each PCP every 2 weeks generated from the electronic medical record. PCPs were ranked from lowest to highest inappropriate prescribing rates (best to worst) within the test region. The initial email was a blinded ranking revealing only the emailed practitioner's individual rank compared with his/her local peers; all subsequent reports were fully unblinded, such that each practitioner was aware of his/her ranking as well as detailed feedback as to the prescribing patterns and rankings of other named PCPs in their practice. Each email read as follows:
'Antibiotic overuse leads to unnecessary adverse drug effects and antimicrobial-resistant infections, which harm patients. As part of an ongoing Antibiotic Stewardship Program we are reporting antibiotic overuse based on Healthcare Effectiveness and Information Set (HEDIS) criteria.
Please see below for your Antibiotic Prescribing Rate for Antibiotic-Inappropriate Acute Respiratory Tract Infection visits and no concomitant reason for antibiotic prescribing for the current calendar year. The antibiotic order rate denominator is the total number of patients seen by you where an Acute Respiratory Infection diagnosis was used as the primary encounter diagnosis, and the numerator is the total number of those patients that received an antibiotic order during that visit. This metric summarizes the rate between you and your peers based on the current guideline recommendations for inappropriate use of antibiotics in acute respiratory infection. National studies show best in class to be under 5%.' https://www. cdc. gov/ getsmart/ community/ improvingprescribing/ outpatient-stewardship. html.
To ensure providers did not modify visit diagnoses to avoid detection of inappropriate prescriptions, we also
statistical analysis
Statistical analysis was performed using SPSS V.16.0. Results are expressed as mean±SD, or as n (%) where appropriate. Analysis of differences between groups was performed using Student's t-test for continuous variables, χ 2 test for categorical variables and analysis of variance for differences among frequencies for several groups. In all analyses, two-sided p<0.05 was considered significant.
resulTs
One hundred and ninety-two PCPs were evaluated with an average age of 44±12 years (55% female, 133 physicians/59 advanced practice providers). Baseline inappropriate antibiotic prescribing for the entire cohort was 59.6% (range 0%-100%).
There (table 1) .
Following 1 year of biweekly reports providing normative comparison among the test group, inappropriate antibiotic usage decreased 40%, from 51.9% to 31.0% (p<0.0001), whereas the control group decreased 7.0% (61.3% to 57.0%, p<0.001).
The test group was further divided into those who were responsive to the intervention (relative reduction in inappropriate antibiotic prescribing by at least 20% from baseline or achieving an absolute follow-up rate below 30%) or unresponsive to the intervention. Twenty-six (87%) PCPs in the test group were classified as responders to the normative comparison intervention, and their inappropriate prescribing rate fell from 44% to 19% (p<0.0001) (figure 1). In contrast, the 4 (13%) providers categorised as non-responders had no change from the intervention (inappropriate antibiotic usage increased from 78% to 84%, (p=NS)). Responders were younger (age 38±9 vs 60±17 years; p=0.002) but otherwise had no other significant differences from non-responders including gender, visit volume or provider type (physician vs non-physician).
Visits with respiratory tract infection diagnoses (either as a primary diagnosis or as any diagnosis) as well as all visits where an antibiotic was prescribed is shown in figure 2 . The data demonstrate that total antibiotic prescriptions diminished during the intervention periods (table 2) . Moreover, the frequency of respiratory tract infection diagnoses remains unchanged from the previous year.
Following proof of acceptance among PCPs, the intervention was extended in year 2 to the control group, and continued in the initial test group. The test group's prescription of inappropriate antibiotics for ARTI fell an additional 47% compared with year 1, to an absolute rate dIscussIon There are two important findings from this investigation. First, combining provider and patient education with regular feedback in the form of unblinded normative comparison with local peers results in marked improvement in the inappropriate prescription of antibiotics for ARTI in the primary care setting. Second, almost 90% of providers were shown to be responsive to this method of behaviour change. Three key components of the intervention likely influenced the outcome. First, provider education was delivered in the form of up-to-date guideline recommendations, educational videos, and pocket guides regarding the evidence-based management of ARTI. Second, providers were assisted with patient education and expectations both prior to, and at the time of, the clinic encounter. Posters placed in patient waiting areas conveying that 'antibiotics aren't always the answer', reset patient expectations prior to their clinical encounter. In the examination room, patient brochures and a virus prescription pad allowed patients to leave with something in hand specifically addressing their viral condition, while providing reinforcement supporting the physician's decision to avoid antibiotics. Importantly, these messages were delivered under the auspices of the US Department of Health and Human Services, and the CDC, further validating the provider's recommendation. Third, and most importantly, the use of normative influence by way of biweekly, unblinded reports provided a broader perspective to each providers' practices.
Although patient education in the form of printed materials used in the waiting and examination rooms was a component of the intervention, this intervention alone has generally been ineffective at modifying patient behaviour and altering patient outcomes. 21 However, interventions that use provider and patient education combined with provider insights as to their rate of inappropriate antibiotic prescribing have been successful in reducing rates of inappropriate antibiotic prescribing. Combined with education, Gjelstad et al demonstrated a reduction in antibiotic prescribing (OR 0.72) for ARTI compared with controls following a one-time display of a practitioner's Open access prescribing profile from the preceding year. 22 Meeker et al tested multiple behavioural interventions in primary care practices to evaluate which achieved the greatest efficacy in reducing inappropriate antibiotic prescribing for ARTI. Both accountable justification at the time of prescribing as well as regular reports displaying blinded peer comparison resulted in the lowest rates of inappropriate antibiotic prescribing. 15 A clear advantage of peer comparison over accountable justification is that it adds no additional work for the provider during the clinical encounter. Our study was unique in that it provided regular unblinded reports to all PCPs within our health delivery system and was markedly successful at a system level. In such an environment, unblinded peer performance information may facilitate developing a group norm around which individual physicians can anchor their own performance. Although providers may be uncomfortable with the local colleagues seeing their individual performance scores, unblinded data may better support peer-based learning. 23 Providers are motivated to administer care that encompasses the current evidence while improving patient wellbeing. Moreover, individuals often conform to fulfil peer expectations and gain acceptance, particularly if the behaviour aligns with professional standards. 12 14 24 The unblinded nature of the reports aided in generating conformity towards an evidence-based goal, in keeping with professional standards and patient's best interest. In addition, physicians often make different decisions when managing individual patients versus viewing groups of patients from a population-based perspective. Specifically, physicians have been shown to give more weight to a patient's personal concerns when they consider the patient as an individual and more weight to general criteria of effectiveness when they consider the patient as part of a group or population. 25 By viewing biweekly reports of their antibiotic decisions in aggregate, physicians modified their behaviour as a result of this new population-based perspective. 26 Interestingly, our study also found that providers who responded to the intervention were significantly younger compared with those who did not. One possible explanation for this is providers may have long-standing patient relationships in which they feel uncomfortable changing practice for fear of a perceived 'lack of consistency'. Additionally, it is sometimes difficult to change a long-held practice pattern even when new scientific evidence is available. 27 Similarly, the CDC recently reported southern, male primary care physicians aged 40 years and older prescribed more antibiotics than specialty-matched peers. 28 The barriers to such practice change need to be further evaluated.
It is worth commenting that generating and operationalising this intervention is inexpensive in the context of a comprehensive electronic medical record system. Moreover, continuation of the intervention can take place for any desired duration by creation of automated reports.
Finally, the clinical and financial impact of these changes can be significant. Adverse drug events increase the risk of death, length of hospitalisation, emergency department utilisation and overall cost of care, and antibiotics are the leading cause, representing nearly 24% of adverse drug events present on admission. 9 In the second year of the intervention, across all primary care practices, we avoided prescribing an estimated 16 589 unnecessary antibiotics. The estimated savings include approximately $751 664 in antibiotic costs (average wholesale price) and further avoided an estimated 3318 adverse drug events costing an estimated $5 447 796. [29] [30] [31] [32] [33] [34] limitations First, this was a single-centre study, and our results may not be applicable to other practice settings. Second, there were significant baseline differences in the rate of inappropriate antibiotics prescribed, between test and control groups. This may suggest that the test group was more amenable to the intervention than other providers, but the degree of impact in the control group in year 2 suggests otherwise. Third, we did not qualitatively evaluate the thoughts and attitudes of providers who did not respond to the intervention. Further assessment of these outliers may lead to optimisation of similar normative comparison initiatives in the future. Fourth, the intervention consisted of three components together, and we cannot discern the individual impact of each one. Finally, we do not know the durability of the intervention over time, and this will require further study.
conclusIon
A comprehensive programme consisting of provider and patient education, followed by regular feedback using normative comparison with local peers, markedly reduces the rate of inappropriate antibiotic prescribing for patients with ARTI resulting in an overall decrease in outpatient antibiotic prescriptions. The results have significant implications in combating antibiotic resistance as well as modelling physicians towards quality and safety goals.
